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Abstract

Background.Analysis of efficacy and tolerability of vortioxetine 20mg/day, and optimal timing
of dose adjustment, in patients with major depressive disorder (MDD).
Methods. Pooled analysis of six randomized, fixed-dose studies of vortioxetine 5 to 20 mg/day.
Mean change from baseline in Montgomery–Åsberg Depression Rating Scale (MADRS) total
score was analyzed by vortioxetine dose using amixedmodel for repeatedmeasures. Tolerability
was assessed over the 8-week treatment period and from day 8 (ie, following dose increase to
20 mg/day). Data from three randomized, flexible-dose studies were examined for frequency
and timing of dose adjustment.
Results. A clear dose–response relationship for vortioxetine was confirmed in terms of
improvement in MADRS total score. Significant differences vs placebo were seen for vortiox-
etine 20 mg/day from week 2 onwards; vortioxetine 10 mg did not separate from placebo until
week 4. At week 8, mean change in MADRS total score from baseline was significantly greater
for vortioxetine 20mg/day vs 10mg/day (difference,�1.03 points; P < .05). Incidence of adverse
events was not increased in patients who received vortioxetine 20 mg/day vs 10 mg/day. In
flexible-dose studies, dosage was increased to 20 mg/day after 1 week in 48.0% of patients; final
dosage was 20 mg/day in 64.3% of patients.
Conclusions. Vortioxetine 20 mg is significantly more effective than vortioxetine 10 mg in
patients with MDD, with a similar tolerability profile. In flexible-dose studies, almost half of all
patients received 20mg/day after 1week and two-thirds received 20mg/day as their final dosage.

Introduction

Vortioxetine is amultimodal antidepressant with a uniquemechanism of action.1 First approved
by the U.S. Food and Drug Administration for the treatment of adults with major depressive
disorder (MDD) in 2013, vortioxetine has since been licensed in more than 80 countries
worldwide. Clinical trials have shown vortioxetine to be effective and well tolerated for the
treatment of depressive symptoms in patients with MDD across the approved therapeutic dose
range of 5 to 20 mg/day.1 Importantly, vortioxetine is also one of the few antidepressants with a
demonstrated dose–response relationship for depression-related outcomes.2 This allows pre-
scribers to increase the vortioxetine dose to optimize clinical response with ongoing treatment,
rather than switch medication.

There are subtle, yet important, differences in the posology of vortioxetine worldwide. In the
U.S., the recommended starting dose is 10 mg/day in adult patients (including those aged
≥65 years), with the prescribing information stating that the dose of vortioxetine should be
increased to 20 mg/day as tolerated.3 In the EU, the summary of product characteristics (SmPC)
states that the starting and recommended dose of vortioxetine in adults aged <65 years is 10 mg/
day.4 Depending on individual patient response, the dose of vortioxetine may be increased to a
maximum of 20 mg or decreased to a minimum of 5 mg once daily. In patients aged ≥65 years,
the starting and recommended dose of vortioxetine is 5 mg/day. The approved product label and
dosing recommendations in most other countries largely follow the EU SmPC. In 2019,
vortioxetine was approved in Japan following completion of a specific local program of
randomized controlled studies using fixed doses of 5, 10, and 20 mg/day. In Japan, only
10 and 20 mg/day are approved doses; 10 mg/day is the recommended starting dose, and the
dose can be increased to 20 mg/day based on clinical response and tolerability.5
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Although these differences in posology may seem small, they
appear to have a major impact on the prescribed doses of vortiox-
etine in clinical practice. In the U.S., 50% of current vortioxetine
prescriptions are for the 20 mg/day dose; in comparison, this dose
accounts for only 19%of vortioxetine prescriptions in the rest of the
world (IQVIA, data on file). Although dosage flexibility provides
the opportunity for physicians to individualize vortioxetine dosing
to effectively balance management of depressive symptoms and
tolerability, it is clearly important to ensure that patients receive the
maximum benefit from treatment. Subtherapeutic antidepressant
dosing has long been recognized to contribute to early withdrawal
of treatment in patients with MDD.6 Early optimized antidepres-
sant therapy is likely to afford the best possible treatment out-
comes.7,8

The clinical development program of vortioxetine in MDD
included 11 randomized, double-blind, placebo-controlled, fixed-
dose, short-term studies investigating the efficacy and tolerability
of the approved daily doses of 5, 10, 15, or 20 mg. Meta-analysis of
change in Montgomery–Åsberg depression rating scale (MADRS)
total score from baseline in these studies showed vortioxetine 5, 10,
and 20 mg/day to be associated with significant reductions in the
severity of depressive symptoms from baseline vs placebo, with
treatment effect increasing with vortioxetine dose.2 A pooled anal-
ysis of the incidence and severity of adverse events during the
course of these 11 studies found nausea and vomiting to be the
most common dose-related treatment-emergent adverse events
(TEAEs) associated with vortioxetine, the incidence of which pla-
teaued at vortioxetine 15 mg/day.9

Following completion of the fixed-dose clinical development
program in Japan, an updated analysis of the comparative efficacy
and tolerability of vortioxetine 10 vs 20 mg/day in patients with
MDD was warranted. Since the regulatory approvals, flexible-dose
interventional studies have also been undertaken, which have
allowed vortioxetine dose adjustment at the investigator’s discre-
tion after an initial week of treatment with vortioxetine 10 mg/day.
This allows for investigation in a controlled setting of clinician
behavior concerning the frequency and timing of vortioxetine dose
adjustment when prompted to assess clinical response (both effi-
cacy and tolerability) from as early as 1 week after treatment
initiation.

Methods

Data sources

Pooled data were analyzed from the six short-term (8-week),
randomized, double-blind, placebo-controlled, fixed-dose studies
conducted by Takeda/Lundbeck that included vortioxetine 20 mg/
day for the treatment of MDD.10–15 Patients randomized to vor-
tioxetine 20 mg/day received vortioxetine 10 mg/day for the first
week, and then 20 mg/day for the remaining 7 weeks of the study
period. In all studies, efficacy was assessed using the MADRS as a
primary endpoint.

For the analysis of frequency and timing of dose adjustment,
data were analyzed from three randomized, controlled, flexible-
dose studies in which patients received vortioxetine 10 mg/day for
1 week, followed by 10 to 20 mg/day (based on the treating
physician’s clinical judgment) for at least 7 weeks.16–18 A separate
analysis was also undertaken to evaluate dose-adjustment data
from the open-label COMPLETE study, in which patients with
MDD who experienced a partial response to monotherapy with a
selective serotonin reuptake inhibitor (SSRI) or serotonin–

norepinephrine reuptake inhibitor (SNRI) at an adequate dose
for ≥6 weeks were switched to 8 weeks of treatment with vortiox-
etine 10 to 20 mg/day.19

All studies included in these analyses (Supplementary Table S1)
were registered at clinicaltrials.gov, conducted in accordance with
the Declaration of Helsinki and Good Clinical Practice guidelines,
and approved by the appropriate research ethics committees. In all
studies, patients provided written informed consent for participa-
tion.

Statistical analysis

For the fixed-dose studies, efficacy analyses were performed using
data from all randomized patients who received at least one dose of
study medication and had at least one valid post-baseline efficacy
assessment (full analysis set). For all studies, mean change from
baseline inMADRS total score in each treatment armwas analyzed
using amixedmodel for repeatedmeasures after 2, 4, 6, and 8weeks
of treatment. The primary endpoint for comparing vortioxetine
20 mg/day vs 10 mg/day was at week 8. The MADRS is the “gold
standard” clinician-rated scale for assessing antidepressant efficacy
in MDD clinical trials, and a reduction in MADRS total score of
≥2 points vs placebo is considered clinically significant.20,21 When
comparing two active treatments, a 1-point difference in MADRS
total score is considered clinically relevant.21,22 A standard, aggre-
gated data, random-effects meta-analysis was conducted using the
estimates obtained in the individual studies. This analysis was also
undertaken for individual MADRS items. Change from baseline in
the Clinical Global Impression–Severity of Illness (CGI-S) total
score at week 8 was also assessed.

Safety analyses were performed in the cohort of randomized
patients who received at least one dose of study medication (all
patients treated set). TEAEs occurring in ≥2% of patients in any
study group were summarized using Medical Dictionary for Reg-
ulatory Activities preferred terms and according to time of onset:
(i) over the entire 8-week treatment period; (ii) between day 1 and
day 7 (ie, when patients randomized to vortioxetine 20 mg/day
were receiving the starting dose of vortioxetine 10 mg/day); and
(iii) from day 8 to day 56 (ie, following vortioxetine dose up-
titration from 10 to 20 mg/day until the end of the 8-week treat-
ment period). It should be noted that the incidence of adverse
events is reported according to the patient’s randomized vortiox-
etine dosage, irrespective of the fact that all patients were treated
with vortioxetine 10 mg/day during the first week of treatment.

Analysis of the timing and frequency of dose adjustment in the
flexible-dose studies was performed in the all patients treated set.
The proportion of patients receiving vortioxetine 20 mg/day was
assessed at scheduled visits at week 1 (the earliest timepoint at
which dose adjustment was permitted), week 4, and week 8.

Significance was set at P < .05. Analyses were conducted using
SAS statistical software, version 9.4.

Results

Baseline characteristics

For the fixed-dose studies, safety data were available for a total of
3062 patients (982 in the placebo group and 144, 663, 298, and
975 in the vortioxetine 5, 10, 15, and 20 mg/day groups, respec-
tively). In total, 3032 patients were included in the analysis of
efficacy (full analysis set). Treatment groups were well matched
at baseline in terms of sex, age, MADRS total score, and other

2 M. C. Christensen et al.

https://www.cambridge.org/core/terms. https://doi.org/10.1017/S1092852921000936
Downloaded from https://www.cambridge.org/core. Sistema bibliotecario di Ateneo - Università degli Studi di Siena, on 16 Feb 2022 at 16:21:10, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms
https://doi.org/10.1017/S1092852921000936
https://www.cambridge.org/core


clinical characteristics (Hamilton Anxiety Rating Scale, CGI-S, and
Sheehan disability scale total scores) (Table 1).

Efficacy

In the fixed-dose studies, a clear dose–response relationship for
vortioxetine was seen at all post-baseline timepoints assessed
(Figure 1). Significant differences in mean change from baseline
inMADRS total score between vortioxetine 20mg/day and placebo
were observed from week 2 onwards (P < .05 vs placebo at week 2
and P < .001 vs placebo at weeks 4, 6, and 8). A statistically
significant difference vs placebo for mean change in MADRS total
score from baseline after 8 weeks of treatment was seen for vortiox-
etine 10 mg/day (�3.11, P < .001) and 20 mg/day (�4.32, P < .001)
(Table 2). Mean change in MADRS total score from baseline after
8 weeks of treatment was significantly greater for vortioxetine

20 mg/day compared with vortioxetine 10 mg/day (difference,
�1.03; P < .05).

A dose–response relationship was also observed for vortioxetine
across all individual MADRS items at week 8 (Supplementary
Figure S1). Significant differences in mean change from baseline
between vortioxetine 20 mg/day and placebo were observed for the
individual MADRS item scores for apparent sadness, reported
sadness, inner tension, and pessimistic thoughts from week 2
onwards (Supplementary Table S2).

Similar findings were seen for CGI-S total score (Table 3). Sta-
tistically significant differences vs placebo for change in CGI-S total
score from baseline after 8 weeks of treatment were shown for
vortioxetine 10 mg (�0.35, P = .003) and vortioxetine 20 mg
(�0.51, P < .001) (Table 3). The difference in mean change in
CGI-S total score from baseline after 8 weeks of treatment for
vortioxetine 20 mg compared with vortioxetine 10 mg was not
statistically significant (�0.09, P = .134).

Table 1. Summary of Demographics and Baseline Characteristics (Full Analysis Set)

Treatment Group No. of Patients Female (%) Age (y) MADRS Total Score HAM-A Total Score CGI-S Total Score SDS Total Score

Fixed-dose studies (pooled)10–15

Placebo 971 63.7 43.6 � 12.2 31.4 � 3.8 18.5 � 6.2 4.6 � 0.6 17.7 � 6.4

Vortioxetine 5 mg/d 144 68.1 44.2 � 11.9 31.6 � 3.7 18.9 � 6.6 4.7 � 0.7 17.9 � 6.3

Vortioxetine 10 mg/d 660 62.7 43.6 � 11.7 31.6 � 4.0 18.7 � 6.0 4.6 � 0.6 16.9 � 6.4

Vortioxetine 15 mg/d 294 67.7 45.2 � 13.7 31.9 � 3.7 19.4 � 6.4 4.7 � 0.6 19.9 � 5.7

Vortioxetine 20 mg/d 963 63.2 43.9 � 12.4 31.6 � 3.9 18.9 � 6.1 4.6 � 0.6 18.2 � 5.9

Flexible-dose studies (vortioxetine 10–20 mg/d)

REVIVE16 252 77.4 47.0 � 12.4 29.1 � 4.4 – – –

CONNECT17 175 69.1 44.7 � 12.3 31.3 � 3.9 – – –

ReMIND SWITCH18 50 78.0 46.7 � 10.7 29.3 � 3.1 – – –

COMPLETE19 143 70.6 46.8 � 12.1 25.5 � 1.7 – – –

Note: All values are mean � standard deviation unless otherwise indicated.
Abbreviations: CGI-S, Clinical Global Impression–Severity of Illness; HAM-A, Hamilton Anxiety Rating Scale; MADRS, Montgomery–Åsberg Depression Rating Scale; SDS, Sheehan Disability Scale.
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Figure 1. Mean difference in change from baseline for vortioxetine (VOR; 5, 10, 15, or 20mg/day) vs placebo in Montgomery–Åsberg Depression Rating Scale (MADRS) total score at
weeks 2, 4, 6, and 8 (full analysis set; mixed model for repeated measures analysis of six fixed-dose studies). *P < .05 vs placebo; ***P ≤ .001 vs placebo.
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Safety

In the fixed-dose studies, the proportion of patients reporting at
least one TEAE over the 8-week, double-blind treatment period
was 54.9% in the placebo group vs 66.7% in the vortioxetine 5 mg/
day group, 58.1% in the vortioxetine 10mg/day group, 66.4% in the
vortioxetine 15 mg/day group, and 65.1% in the vortioxetine
20 mg/day group (Table 4). Nausea and headache were generally
the most commonly reported TEAEs in vortioxetine-treated
patients over the 8-week treatment period, irrespective of dose.
The proportion of patients who withdrew from treatment due to
TEAEs was low and similar in the vortioxetine 20 mg/day and
10 mg/day groups (6.4% and 4.4%, respectively, vs 3.3% in the
placebo group). The incidence of serious adverse events was low
(≤1.4% across groups), and no serious adverse event was reported
by more than a single patient in any group.

During the first week of treatment (ie, when patients in the
vortioxetine 20 mg/day group were receiving vortioxetine 10 mg/
day), the proportion of patients reporting at least one TEAE was
39.0% in the vortioxetine 20 mg/day group, 32.7% in the vortiox-
etine 10 mg/day group and 24.8% in the placebo group. Nausea
and headache were the most common TEAEs with onset between
days 1 and 7. The incidence of nausea during the first week of
treatment was 17.9% in the vortioxetine 20 mg/day group, 13.3%

in the vortioxetine 10 mg/day group, and 4.4% in the placebo
group.

The proportion of patients reporting at least one TEAE from
day 8 onwards (ie, following vortioxetine dose up-titration to
20 mg/day) was 47.8% in the vortioxetine 20 mg/day group,
43.9% in the vortioxetine 10 mg/day group, and 43.0% in the
placebo group. Nausea, headache and nasopharyngitis were the
most commonTEAEswith onset between days 8 and 56 (ie, the end
of the 8-week treatment period) (Table 4). The incidence of nausea
with onset between days 8 and 56 was 9.5% in the vortioxetine
20 mg/day group, 6.6% in the vortioxetine 10 mg/day group, and
2.3% in the placebo group.

Dose adjustment

In the flexible-dose studies, dose increases tended to occur early
after treatment initiation and subsequent reductions were uncom-
mon. In the pooled analysis of the randomized flexible-dose stud-
ies, vortioxetine dosage was increased to 20 mg/day at week 1 in
48.0% of patients, and 64.3%were receiving vortioxetine 20mg/day
as their final dosage (at week 8 or discontinuation). Of the patients
who had their vortioxetine dose increased to 20 mg/day, 9.3%
subsequently had their dose decreased to 10 mg/day.

Table 2. Meta-Analysis of the Change from Baseline to Week 8 in MADRS Total Score Difference vs Placebo (Full Analysis Set, MMRM) in Fixed-Dose Studies10–15

Study Treatment and Dose (per day) na Mean Change in MADRS from Baseline Difference vs PBO SE 95% CI P Value

NCT01140906 PBO 130 �11.7 – – – –

VOR 15 mg 118 �17.2 �5.53 1.09 �7.66, �3.40 <.001

VOR 20 mg 125 �18.8 �7.09 1.08 �9.21, �4.97 <.001

NCT01153009 PBO 129 �12.8 – – – –

VOR 15 mg 113 �14.3 �1.48 1.21 �3.86, 0.91 .224

VOR 20 mg 112 �15.6 �2.75 1.21 �5.12, �0.38 .023

NCT01163266 PBO 139 �10.8 – – – –

VOR 10 mg 124 �13.0 �2.19 1.15 �4.45, 0.08 .058

VOR 20 mg 122 �14.4 �3.64 1.16 �5.92, �1.35 .002

NCT01422213 PBO 165 �10.9 – – – –

VOR 10 mg 174 �15.6 �4.70 0.89 �6.45, �2.96 <.001

VOR 20 mg 181 �17.6 �6.70 0.88 �8.43, �4.98 <.001

NCT01255787 PBO 135 �14.9 – – – –

VOR 5 mg 126 �15.7 �0.84 1.05 �2.91, 1.23 .425

VOR 10 mg 132 �17.3 �2.42 1.05 �4.47, �0.36 .021

VOR 20 mg 131 �17.3 �2.40 1.04 �4.45, �0.35 .022

NCT02389816 PBO 143 �12.4 – – – –

VOR 10 mg 153 �15.0 �2.66 1.00 �4.63, �0.70 .008

VOR 20 mg 151 �15.4 �3.07 1.00 �5.05, �1.10 .002

Meta-analysis PBO 841 – – – – –

VOR 5 mg 126 – �0.84 1.05 �2.90, 1.22 .425

VOR 10 mg 583 – �3.11 0.62 �4.33, �1.89 <.001

VOR 15 mg 231 – �3.54 2.02 �7.51, 0.43 .080

VOR 20 mg 822 – �4.32 0.88 �6.40, �2.60 <.001

Abbreviations: CI, confidence interval; MADRS, Montgomery–Åsberg Depression Rating Scale; MMRM, mixed model for repeated measures; PBO, placebo; SE, standard error; VOR, vortioxetine.
aNumber of randomized patients who received at least one dose of study medication and who had at least one post-baseline efficacy assessment (full analysis set).
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In the largest of the included randomized, controlled, flexible-
dose studies,16 107/252 patients (42.5%) increased their vortioxe-
tine dosage from 10 to 20 mg/day after 1 week. Of the 179 patients
(71.0%) who increased their dose at any time during the study,
19 (10.6%) subsequently reduced their dose. In the open-label
COMPLETE study,19 vortioxetine was increased to 20 mg/day in
38/142 patients (26.8%) at week 1 (Supplementary Table S3). At
week 8, 33 of these patients (86.8%) remained on vortioxetine
20 mg/day, three patients had their vortioxetine dose reduced to
10 mg/day, and two patients had withdrawn from the study. By
week 8, an additional 38 patients (26.8%) had their vortioxetine
dose increased from 10 to 20 mg/day. In total, 50.0% of patients
were receiving vortioxetine 20 mg/day at week 8 in the study.

Discussion

This new meta-analysis of vortioxetine efficacy and tolerability not
only confirms the established dose–response relationship of this
antidepressant,2 but also shows vortioxetine 20 mg/day to be
significantly more effective than vortioxetine 10 mg/day, with
comparable tolerability. Vortioxetine was found to bewell tolerated
across the therapeutic dose range, with no clinically relevant
increase in the incidence of TEAEs seen in patients in whom

vortioxetine dosage was up-titrated from 10 to 20 mg/day after
the first week of treatment. Nausea, headache, and nasopharyngitis
were the most common TEAEs with onset from the time of
vortioxetine dose up-titration (day 8) until the end of the 8-week
treatment period (day 56), and the incidence of these events was
low and similar between vortioxetine dosage groups. The propor-
tion of patients who discontinued treatment due to TEAEs was low
across all groups. No unexpected safety concerns were identified in
this analysis and there was no evidence of the tolerability issues
associated with other antidepressants, such as sexual dysfunction,
insomnia, or weight gain.23–25

In contrast to vortioxetine 10 mg/day, vortioxetine 20 mg/day
provided a clinically significant beneficial effect on depressive
symptoms as assessed by MADRS total score from as early as
2 weeks. A dose-dependent response to vortioxetine was also
observed across all individual MADRS items and in terms of
change in CGI-S total score from baseline. These findings clearly
indicate that if a patient tolerates the starting dose of 10 mg/day
then the vortioxetine dosage should be increased to 20mg/day after
1 week, in order to achieve the maximum clinical response.

When studying the frequency and timing of dose adjustment by
investigators in a controlled setting, data from the flexible-dose
studies showed that vortioxetine dosage was increased to 20 mg/
day in almost two-thirds of all patients based on the investigators’

Table 3. Meta-Analysis of the Change from Baseline to Week 8 in CGI-S Total Score Difference vs Placebo (Full Analysis Set, MMRM) in Fixed-Dose Studies10–15

Study Treatment and Dose (per day) na Mean Change in CGI-S from Baseline Difference vs PBO SE 95% CI P Value

NCT01140906 PBO 130 �1.30 – – – –

VOR 15 mg 118 �2.12 �0.82 0.16 �1.12, �0.51 <.001

VOR 20 mg 125 �2.39 �1.08 0.15 �1.39, �0.78 <.001

NCT01153009 PBO 129 �1.24 – – – –

VOR 15 mg 112 �1.42 �0.19 0.15 �0.48, 0.11 .216

VOR 20 mg 111 �1.50 �0.26 0.15 �0.55, 0.04 .086

NCT01163266 PBO 139 �1.05 – – – –

VOR 10 mg 124 �1.19 �0.14 0.14 �0.41, 0.13 .297

VOR 20 mg 122 �1.27 �0.22 0.14 �0.49, 0.05 .114

NCT01422213 PBO 165 �1.15 – – – –

VOR 10 mg 174 �1.80 �0.65 0.12 �0.88, �0.42 <.001

VOR 20 mg 181 �2.00 �0.85 0.12 �1.08, �0.62 <.001

NCT01255787 PBO 135 �1.50 – – – –

VOR 5 mg 126 �1.66 �0.16 0.13 �0.42, 0.09 .208

VOR 10 mg 132 �1.86 �0.36 0.13 �0.61, �0.11 .006

VOR 20 mg 131 �1.87 �0.37 0.13 �0.62, �0.11 .005

NCT02389816 PBO 143 �1.27 – – – –

VOR 10 mg 153 �1.48 �0.21 0.12 �0.45, 0.04 .096

VOR 20 mg 151 �1.55 �0.28 0.13 �0.52, �0.03 .026

Meta-analysis PBO 841 – – – – –

VOR 5 mg 126 – �0.16 0.13 �0.42, 0.09 .207

VOR 10 mg 583 – �0.35 0.12 �0.58, �0.12 .003

VOR 15 mg 230 – �0.50 0.32 �1.12, 0.12 .112

VOR 20 mg 821 – �0.51 0.14 �0.79, �0.23 <.001

Abbreviations: CGI-S, Clinical Global Impression–Severity of Illness; CI, confidence interval; MMRM, mixed model for repeated measures; PBO, placebo; SE, standard error; VOR, vortioxetine.
aNumber of randomized patients who received at least one dose of study medication and who had at least one post-baseline efficacy assessment (full analysis set).
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clinical judgment of treatment response. In most patients, this
occurred early during the course of therapy, with vortioxetine
dosage increased to 20 mg/day after 1 week of treatment in almost
half of the patients. For patients in whom vortioxetine dosage was
increased, subsequent dose reductions were uncommon. These
findings are supported by those of the open-label COMPLETE
study, in which 50% of patients who initially received a 10 mg/
day dose were receiving vortioxetine 20 mg/day at study end.19

Randomized clinical trials and interventional open-label studies
can be designed to allow for earlier assessment of clinical response
than may be normal in routine clinical care; in the studies included
here, assessment of clinical response was mandated after the first
week of vortioxetine treatment and clearly prompted a dose
increase in most patients based on assessment of both efficacy
and tolerability.

Collectively, our findings support increasing vortioxetine
dosage to 20 mg/day early in the course of therapy in order
to achieve optimal therapeutic benefit across symptoms of
depression, and show that this may be achieved without
compromising tolerability. In contrast to these findings for
vortioxetine, a recent systematic literature review and network
meta-analysis found no consistent evidence of a dose–response
relationship for the antidepressant efficacy of SSRIs.26 In addi-
tion, the proportion of patients withdrawing from treatment
due to adverse events clearly increased with increasing SSRI
dose,26 suggesting that higher doses of SSRIs were less well
tolerated. Indeed, for commonly used SSRIs (citalopram, esci-
talopram, fluoxetine, paroxetine, and sertraline), it appears that
the lower range of the licensed dosages achieve the optimal
balance of efficacy, tolerability, and acceptability in the acute

Table 4. TEAEs by MedDRA Preferred Terms with Incidence ≥2% in At Least One Group in Short-Term, Randomized, Placebo-Controlled, Fixed-Dose Studies of
Vortioxetine in Patients with MDD, Overall and from Day 8 (ie, Time of Vortioxetine Dose Up-Titration from 10 to 20 mg/d) Until the End of the 8-Week Treatment
Period (Day 56).10–15 All Patients in the Vortioxetine 20 mg/d Group Received Vortioxetine 10 mg/d on Days 1 to 7; Vortioxetine Dose was Up-Titrated to 20 mg/d on
Day 8

Time of
Onset TEAE

Placebo
(n = 982)

VOR 5 mg/d
(n = 144)

VOR 10 mg/d
(n = 663)

VOR 15 mg/d
(n = 298)

VOR 20 mg/d
(n = 975)

Overall Any TEAE 539 (54.9) 96 (66.7) 385 (58.1) 198 (66.4) 635 (65.1)

TEAE leading to withdrawal 32 (3.3) 2 (1.4) 29 (4.4) 24 (8.1) 62 (6.4)

Any SAE 4 (0.4) 2 (1.4) 5 (0.8) 2 (0.7) 10 (1.0)

Days 8-56a Any TEAE 422 (43.0) 85 (59.0) 291 (43.9) 151 (50.7) 466 (47.8)

Nausea 23 (2.3) 12 (8.3) 44 (6.6) 29 (9.7) 93 (9.5)

Headache 50 (5.1) 12 (8.3) 39 (5.9) 31 (10.4) 67 (6.9)

Nasopharyngitis 60 (6.1) 19 (13.2) 47 (7.1) 11 (3.7) 61 (6.3)

Dry mouth 26 (2.6) 2 (1.4) 4 (0.6) 8 (2.7) 29 (3.0)

Dizziness 21 (2.1) 6 (4.2) 16 (2.4) 12 (4.0) 28 (2.9)

Constipation 17 (1.7) 5 (3.5) 14 (2.1) 8 (2.7) 26 (2.7)

Diarrhea 34 (3.5) 6 (4.2) 24 (3.6) 12 (4.0) 25 (2.6)

Vomiting 7 (0.7) 2 (1.4) 10 (1.5) 6 (2.0) 24 (2.5)

Insomnia 12 (1.2) 3 (2.1) 10 (1.5) 4 (1.3) 21 (2.2)

Abnormal dreams 8 (0.8) 0 3 (0.5) 6 (2.0) 14 (1.4)

Somnolence 11 (1.1) 3 (2.1) 7 (1.1) 5 (1.7) 14 (1.4)

Upper respiratory tract
infection

18 (1.8) 1 (0.7) 7 (1.1) 6 (2.0) 12 (1.2)

Fatigue 12 (1.2) 3 (2.1) 12 (1.8) 5 (1.7) 11 (1.1)

Arthralgia 11 (1.1) 3 (2.1) 3 (0.5) 3 (1.0) 8 (0.8)

Accidental overdose 2 (0.2) 1 (0.7) 2 (0.3) 6 (2.0) 7 (0.7)

Dyspepsia 6 (0.6) 3 (2.1) 9 (1.4) 5 (1.7) 6 (0.6)

Irritability 5 (0.5) 0 1 (0.2) 6 (2.0) 6 (0.6)

Abdominal distension 3 (0.3) 3 (2.1) 3 (0.5) 1 (0.3) 4 (0.4)

Anxiety 10 (1.0) 1 (0.7) 1 (0.2) 6 (2.0) 4 (0.4)

Hyperhidrosis 7 (0.7) 3 (2.1) 6 (0.9) 5 (1.7) 4 (0.4)

Dysmenorrheab 2 (0.5) 3 (7.5) 0 0 1 (0.3)

Respiratory tract infection 1 (0.1) 3 (2.1) 0 1 (0.3) 1 (0.1)

Note: All values are n (%).
Abbreviations: MDD, major depressive disorder; MedDRA, Medical Dictionary for Regulatory Activities; SAE, serious adverse event; TEAE, treatment-emergent adverse event; VOR, vortioxetine.
aDay 56, end of the 8-week treatment period.
bSex-specific (Placebo, n = 379; VOR 5 mg/d, n = 40; VOR 10 mg/d, n = 247; VOR 15 mg/d, n = 92; VOR 20 mg/d, n = 340).
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treatment of major depression.27 Similarly, the SNRI venlafax-
ine has been reported to have an increasing dose–efficacy
relationship only in the lower approved dose range (75–
150 mg), with patient withdrawals due to TEAEs increasing
sharply with increasing doses at this range.27

The above differences in dose–response and tolerability com-
pared with other therapeutic agents for the treatment of MDDmay
be due to the unique pharmacologic profile of vortioxetine. Vor-
tioxetine acts as an inhibitor of the serotonin reuptake transporter
and a modulator of the activity of multiple serotonin receptor
subtypes.1,28,29 As such, vortioxetine directly and indirectly influ-
ences the activity of a range of neurotransmitter systems relevant to
the pathophysiology of depression, including the serotonin, dopa-
mine, norepinephrine, acetylcholine, histamine, glutamate, and
gamma-aminobutyric acid systems.1,28,29

Vortioxetine affects all these targets at clinically relevant doses;
however, the affinity of vortioxetine varies between serotonin
receptor types, resulting in dose-dependent recruitment of differ-
ent mechanisms.30 With regard to the serotonin reuptake trans-
porter, a dose-related increase in occupancy at steady-state
conditions has been observed in healthy individuals (~50% for
vortioxetine 5 mg, ~65% for vortioxetine 10 mg, and >80% for
vortioxetine 20mg).31 It has been proposed that serotonin reuptake
transporter occupancy needs to be approximately 80% to confer
therapeutic benefit inMDD.32 These findings support the observed
efficacy benefit of increasing vortioxetine dosage to 20 mg/day in
patients with a suboptimal response to the 10mg/day starting dose.
With increasing vortioxetine dosage, there is also progressive
recruitment of other serotonin receptors according to their respec-
tive affinities, whichmay further contribute to the overall favorable
efficacy and tolerability profile of the 20 mg/day dose.28,30,33

The main limitation of our findings is that participants in
clinical trials may not be fully representative of patients with
MDD in routine practice settings. Furthermore, only short-term
studies were included, precluding assessment of long-term dose–
response effects, and patients with MDD generally require long-
term treatment.

Conclusion

In summary, these findings confirm the efficacy and tolerability
of vortioxetine in patients with MDD and, for the first time,
demonstrate that vortioxetine 20 mg/day is both statistically
and clinically more effective than vortioxetine 10 mg/day in
treating the symptoms of MDD. Importantly, after the 1 week of
treatment initiation with vortioxetine 10 mg/day, a similar
incidence of TEAEs was observed between patients treated
with vortioxetine 10 and 20 mg/day in subsequent weeks,
supporting early use of the 20 mg/day dose in routine clinical
practice. In randomized flexible-dose studies, in which patients
received vortioxetine 10 mg/day for 1 week, after which the dose
could be adjusted up to 20 mg/day based on the investigator’s
clinical judgment, almost half of all patients had their dose
increased to 20 mg/day after 1 week, and two-thirds of patients
were receiving vortioxetine 20 mg/day as their final dosage,
further supporting the efficacy, tolerability, and clinical utility
of the higher vortioxetine dose.

Supplementary Materials. To view supplementary material for this article,
please visit http://dx.doi.org/10.1017/S1092852921000936.
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